Abstract -Upper and lower canine teeth of 221 Arctocephalus australis (104 males, 66 females and 51 unknown sex) were extracted from dead animals stranded on the Rio Grande do Sul coast from 1977 to 1997. These teeth were measured and used as a tool in sex estimation. Measurements of the angle of the crown on canine teeth (method 1) and measurements of the crown and root on canines (method 2) were compared with the purpose of evaluating which method is more reliable in sex estimation. Stepwise discriminant analysis showed that method 2 was the most reliable. Discriminant functions for upper and lower canines were obtained for males and females where sex was known. Discriminant functions were also obtained for all canines according to the physical maturity of skull (physically immature and physically mature).
Introduction
Sexual dimorphism has been reported for several species of pinnipeds (e.g. Scheffer, 1958; Ridgway and Harrison, 1981; King, 1983; Crespo 1984; Riedman, 1990; Laws, 1993; Le Boeuf and Laws, 1994; Brunner, 2002) .
Sex determination can be difficult if not impossible in decomposed animals. Furthermore, if the osteological material of interest is from physically immature individuals, sexual dimorphism is less evident.
To overcome these problems in pinnipeds two methods have been used in sex determination using canine teeth. Crespo (1984) measured the angle of the crown of canine teeth of 78 South American sea lion, Otaria flavescens (40 individuals of known sex and 38 individuals of unknown sex). He found that the angle of the crown conditioned the future diameter of the tooth. Lowry and Folk (1990) determined the sex of 111 individuals (68 males and 43 females) of Zalophus californianus by measuring the crown and root (length, width and thickness) of each upper and lower canine tooth. They considered that the size of the crown of the tooth remains constant throughout life.
In Rio Grande do Sul, considering that sex determination was not possible in 23% of A. australis stranded and that most specimens were physically immature (MolinaSchiller, 2000) , canine teeth were used as a tool in the sex determination. Therefore the objective of this work was to apply and compare in A. australis two known methods for sex determination in pinnipeds, and evaluate their reliability for this species.
Material and Methods

Study area and analyse
Canine teeth upper and lower of 221 A. australis (104 males, 66 females and 51 specimens of unknown sex) were collected and examined, from dead animals found along the coast of Rio Grande do Sul, (29°20'S, 49°44'W to 33°45'S, 53°22'W) from July 1977 to September 1997. The coast has been surveyed as part of a long-term beach monitoring program conducted by the Laboratory of Marine Mammals and Marine Turtles (LMM) of the Oceanography Department of the Fundação Universidade Federal do Rio Grande (FURG), Brazil. The osteological material collected was accessed at LMM.
Statistical methods of ANOVA/MANOVA analysis were made using Program Statistics 5.0 for Windows. The stepwise discriminant analysis procedure was used for individuals of known sex. Discriminant functions were used to separate the canine teeth according to the known sex and physical development of the skull. This classification was performed according to the age of attainment of the physical maturity of the skull, previously observed in growth curve analyses to be 8 years in the males and 6 years in females (Molina-Schiller, 2000) . Ages were also previously estimated from upper canine decalcified on-center cuts by counting the growth layers groups (GLGs) in the dentine and cementum (Molina-Schiller, 2000) . For the selection of the most reliable method for sex estimation of canine teeth of A. australis, the method with the highest percentage of success was selected. The discriminant functions obtained were applied to the individuals of unknown sex. The crowns of upper and lower canines of A. australis are curved although in lower canines this curvature is more pronounced. Therefore it was considered necessary to modify the methodology used by Crespo (1984) due to the degree of curvature observed and only the upper canines were measured. Two measures were taken with a protractor: A) angle from the apex of the crown to the first-third of the crown (ANGR) and B) maximum angle of the crown (ANGA), considering only the straight portion without curvature ( Figure 1 ). To avoid errors in the measurements, canines with wear on the apex of the crown were not included in the analysis.
Axis measurements of the crown and root (Method 2)
All upper and lower canines were measured along five axes according to (Lowry and Folk 1990) with 0.01 mm precision. The measurements were: A) crown length (CL), B) maximum crown width (CW), C) maximum root width (RW), D) crown thickness (CT) and E) root thickness (RT). Canine length also was introduced (F) for both upper (UCL) and lower (LCL) canines (Figure 2 ). Measurements A, B and C were taken with the tooth at a lateral position and measurements D and E with the tooth at an anterior position. Again to avoid measurement errors crowns with wearing apex were not included in the analysis. Differences in dental position (upper, lower right and left) were also tested using Student t-test analysis (Zar, 1984) . 
Results
Method 1 -Angle measurements of the crown
In all canines, the angles of physically immature and physically mature individuals were higher for males than females (Table 1) . The discriminant analysis classified the two variables as dimorphic: maximum angle of the crown (ANGA) and angle from the apex of the crown to the firstthird of the crown (ANGR) (Wilks' Lambda=0.50246; F(2.167)=82.682; p<0.0001). The discriminant function (n=170) presented 87.7% success in the classification of sex. Twenty-one individuals were erroneously classified (11 males and 10 females). The functions for measurements of the angle of the crown by sex derived for upper canines were:
= -155.836 + 4.216 (ANGA) + 14.237 (ANGR) = -126.584 + 3.134 (ANGA) + 13.588 (ANGR)
In order to determine sex, the measured angle is replaced in both equations. The sex attributed will correspond to the one with the highest value in the discriminant function.
The results of the Student t-test analysis of canine teeth angles of physically mature and physically immature individuals showed some difference (p<0.001). In both development classes the angles of the crown of the canine tooth in males were larger than in female canines (Table 1 ).
-Physically immatures
The 
Method 2-Axis measurements of the crown and root
The Student t-test analysis of the canines according to the dental position (upper, lower) showed differences (p<0.05). However no differences were found between right or left canines (p>0.05). Therefore, left superior and inferior canines were preferably used. The analysis statistics showed that in all measurements males presented equal or higher values than females (Table 2 ).
-Upper canines of physically immature and physically mature individuals
The discriminant analysis classified upper canine measurements as dimorphic for maximum root width (RW), and crown length (CL) (Wilks' Lambda=0.40103; F(2.158)=117.99; p<0.0001). The discriminant functions (n=161) were 91% successful in the classification of sex. Fifteen individuals were erroneously classified (9 males and 6 females).The functions of measurements of crown and root by sex derived for upper canines were: 
Sex determination using canine teeth of unknown sex individuals and unknown physical development
Discriminant functions obtained by measurements of the crown and root (method 2) (of upper and lower canines) were applied for 51 individuals of unknown sex and unknown physical development. Forty-one and thirty-two upper and lower canines were used respectively. These canines were determined to be from 35 males and 16 females. In eight individuals (7 males and 1 female) sex was determined using only lower canine. All the canines were classified correctly using the posteriori classification.
Discussion
Sexual dimorphism in canine teeth of A. australis was present in physically immature and physically mature individuals. Measurements of the crown and root (method 2) were the most reliable ones for sex determination in upper canines or lower canines, although accuracy rate was higher in upper canines again independent of physical development. The selected measurements were different for upper canines (maximum root width and crown length) and lower canines (maximum crown width and root thickness). In canines from individuals of known physical development (physically matures) only one measurements (maximum crown width) was always selected as a dimorphic variable for upper canines (n=13) and lower canines (n=31). For physically immature individuals the selected variables were the same (maximum crown width and root thickness) for upper and lower canines. However, in physically mature individuals differences were observed in the selected dimorphic variables. These differences could be associated with the size of the canine tooth. When comparing selected dimorphic measurements of A. australis with those selected for Z. californianus, the root width and crown length were coincident only for upper canines. Difference in accuracy in the sex determination in the two methods used here could be related to the marked curvature of the canine of A. australis, especially in the lower canines. The measurements of the angle of the crown could be useful in teeth where the crown of the canine is straight, such as those of O. flavescens.
As also described in other pinnipeds species, the sexual dimorphism in the canines of A. australis is accentuated with growth of the animal. However, in physically immature individuals (less than 1 year old) visual examination is not easy or even possible.
The above results could be useful as another tool in determining sex estimation of osteological material accessed in scientific collections and/or museums, and with some caution in physically immature specimens. Application of this methodology in A. australis canine teeth is a fast and economical method and its application will allow an increase in sample sizes in future studies of population dynamics, individual and geographical variation and taxonomic comparisons.
